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(54) Retractable hardtop vehicle roof

(57) A hard-top convertible roof apparatus (21) is
provided. Another aspect of the present invention em-
ploys rigid hard-top front and/or rear roof sections
(23,25). A further aspect of the present invention pro-
vides that the outside surfaces (43) of retractable roof
sections have a generally vertical orientation when in

their open and retracted positions. In yet another aspect
of the present invention, a roof structure has diverging
peripheral flanges (209,211). A first roof flange retains
a roof-to-roof weatherstrip (251) and an adjacent sec-
ond roof flange retains an interior trim panel (301), in
still another aspect of the present invention.
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Description

[0001] This invention relates generally to roof sys-
tems in automotive vehicles and more particularly to a
hard-top convertible roof apparatus.

[0002] Rigid hard-top convertible roofs have been
used on a variety of automotive vehicles. Some of these
conventional convertible hard-top roofs are stored in a
generally vertical orientation and some are stored in a
predominantly horizontal orientation. Furthermore,
some of these conventional hard-top roofs fold in a
clamshelling manner while others are collapsible in an
overlapping manner. Examples of traditional hard-top
convertible roofs are disclosed in the following patents:
U.S. Patent No. 6,347,828 entitled "Actuation Mecha-
nism for a Two Piece Retractable Hard-Top Roof for an
Automobile" which issued to Rapin et al. on February
19, 2002; U.S. Patent No. 6,318,793 entitled "Two Piece
Retractable Hard-Top Roof for an Automobile" which is-
sued to Rapin et al. on November 20, 2001; U.S. Patent
No. 5,979,970 entitled "Roof Assembly for a Convertible
Vehicle" which issued to Rothe et al. on November 9,
1999; U.S. Patent No. 5,785,375 entitled "Retractable
Hard-Top for an Automotive Vehicle" which issued to Al-
exander et al. on July 28, 1998; U.S. Patent No.
5,769,483 entitled "Convertible Motor Vehicle Roof
which issued to Danzl et al. on June 23, 1998; U.S. Pat-
ent No. 5,743,587 entitled "Apparatus for Use in an Au-
tomotive Vehicle having a Convertible Roof
System" which issued to Alexander et al. on April 28,
1998; and EPO Patent Publication No. 1 092 580 A1
which was published on April 18, 2001. The U.S. patents
are incorporated by reference herein.

[0003] Most automotive vehicle weatherstrips include
hollow bulbs disposed on a generally U-shaped carrier.
The carrier is typically pushed onto a double thickness
pinch weld flange of the mating vehicle panels. Various
weatherstrips are also known for removable roofs in-
cluding that disclosed in exemplary U.S. Patent No.
5,950,366 entitled "Seal Structure for Removable Roof
which issued to Uhimeyer on September 14, 1999.
[0004] Furthermore, many traditional headliners are
used to aesthetically cover the interior surface of con-
vertible and stationary roofs. Typical convertible roof
headliners are made from a sheet of stretched fabric or
vinyl, fabric or vinyl covered resinated foam, or fabric or
vinyl covered resinated fiberglass. Such foam-based
headliner materials are disclosed within the following U.
S. Patent Nos.: 5,095,592 entitled "Fastener Device for
Composite Materials" which issued to Doerfling on
March 17, 1992; 4,698,252 entitled "Composite Foam
Articles and Method for Fabricating Such Articles" which
issued to Koch et al. on October 6, 1987; and 4,350,734
entitled "Integral Composite Foam Product and Method"
which issued to Hammond on September 21, 1982; all
of which are incorporated by reference herein. Many
conventional convertible headliners are attached to the
supporting structure, such as roof inner panels or roof
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bows, by polymeric Christmas-tree fasteners, hook-
and-loop type fasteners, or polymeric interior trim gar-
nish moldings.

[0005] In accordance with one aspect of the present
invention, a hard-top convertible roof apparatus is pro-
vided. Another aspect of the present invention employs
rigid, hard-top front and/or rear roof sections. A further
aspect of the present invention provides that the outside
surfaces of retractable roof sections have a generally
vertical orientation when in their open and retracted po-
sitions. In yet another aspect of the present invention, a
roof structure has diverging peripheral flanges. A first
roof flange retains a roof-to-roof weatherstrip and an ad-
jacent second roof flange retains an interior trim panel,
in still another aspect of the present invention. Another
aspect of the present invention uses a weatherstrip for
a convertible hard-top roof which has a pair of spaced
apart, yet connected, bulbs, with the entire weatherstrip
being interior of the outer roof surface when the roof is
fully raised. In a further aspect of the present invention,
a method of assembling a hard-top convertible roof ap-
paratus is also provided.

[0006] The preferred embodiment of roof apparatus
is advantageous over conventional systems in that it is
expected to provide superior water sealing. The pre-
ferred embodiment is also advantageous by simplifying
assembly of components to a roof system. Furthermore,
the weatherstrip of the preferred embodiment does not
present an unsightly appearance from outside the vehi-
cle since it is not exposed thereby also reducing unde-
sirable aerodynamic noise. The interior trim fastening
arrangement of the preferred embodiment is advanta-
geous over prior devices by employing hidden yet inex-
pensive fasteners. Additional advantages and features
will become apparent from the following description and
appended claims, taken in conjunction with the accom-
panying drawings, in which:

Figure 1 is a fragmentary, perspective view, as ob-
served from the rear left corner of the vehicle, show-
ing the preferred embodiment of a hard-top convert-
ible roof apparatus of the present invention, dis-
posed in a fully closed and raised position;

Figure 2 is a fragmentary and perspective view, like
that of Figure 1, showing the preferred embodiment
apparatus, disposed in a partially retracted position;
Figure 3 is a fragmentary and perspective view, like
that of Figure 1, showing the preferred embodiment
apparatus, disposed in a fully open and retracted
position;

Figure 4 is a centerline cross sectional view, taken
along line 4-4 of Figure 3, showing the preferred
embodiment apparatus, disposed in the fully re-
tracted position;

Figure 5 is a side diagrammatic view showing the
preferred embodiment apparatus, disposed in the
fully raised position;

Figure 6 is a side diagrammatic view showing the
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preferred embodiment apparatus, disposed in the
partially retracted position;

Figure 7 is a side diagrammatic view showing the
preferred embodiment apparatus, disposed in the
fully retracted position;

Figure 8 is an exploded perspective view showing
the preferred embodiment apparatus; and

Figure 9is a fragmentary, centerline cross sectional
view, like that of Figure 4, showing the preferred em-
bodiment apparatus, disposed in the fully raised po-
sition.

[0007] ReferringtoFigures 1-7,aconvertible roof sys-
tem 21 is part of an automotive vehicle and includes a
hard-top front roof section 23, a hard-top rear roof sec-
tion 25, a top stack mechanism 27 operable to move the
roof sections, a rigid tonneau cover 29 and a tonneau
cover mechanism 31. Roof sections 23 and 25 are au-
tomatically movable from fully raised and closed posi-
tions covering a passenger compartment 33, as shown
in Figures 1 and 5, to fully retracted and open positions,
as shown in Figures 3, 4 and 7, wherein roof sections
23 and 25 are stowed in a roof storage area or compart-
ment 35. Roof storage compartment 35 is located be-
tween and physically separated by metal panels 36 (see
Figure 7) from passenger compartment 33 and an ex-
ternally accessible storage area for miscellaneous arti-
cles such as a trunk or pickup truck bed 37. Arigid, glass
back window or backlite 39 is secured to rear roof sec-
tion 25 while front roof section 23 is disengagably at-
tached to a front header panel 41 by latches. Roof sec-
tions 23 and 25 are preferably stamped from steel
sheets and include inner reinforcement panels, but the
roof panels may altemately be formed from polymeric
composites or aluminum. Roof sections 23 and 25 have
opaque outside surfaces 43 that are typically painted.
These outside surfaces 43 define three-dimensionally
curved planes which are stored in a predominantly ver-
tical and parallel nested orientation when fully retracted
and stowed; this can be observed best in Figures 4 and
7.

[0008] Top stack mechanism 27 is in mirrored sym-
metry in both outboard sides of the vehicle. Top stack
mechanism 27 includes a pair of linkage assemblies 51
and a pair of hydraulic actuators 55. Linkage assemblies
51 are preferably constructed in accordance with Ger-
man patent application serial number 101 39 354.7 en-
titled "Carbiolet-Fahrzeug" (Vehicle) which was filed on
August 17, 2001, which is incorporated by reference
herein. Roof sections 23 and 25 can be tightly and close-
ly nested together when fully retracted and the center-
line, fore-and-aft roof storage area opening can be min-
imized due to linkage assemblies 51.

[0009] Figures 8 and 9 illustrate a peripheral roof
structure 201 at the peripheral mating of an outer front
roof panel 203 and an inner front roof panel 205. Front
roof panels 203 and 205 contact each other for MIG
welding at joining area 207, however, peripheral flanges
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209 and 211 of the outer and inner panels, respectively,
then have a diverged orientation relative to each other,
which terminates in their outboard or distal edges.
[0010] A rubber or polymeric elastomer weatherstrip
251 has a U-shaped carrier 253, a hollow and flexible
first bulb 255 projecting from a corner of carrier 253, a
flexible and bridging water trough section 257 with a re-
duced thickness living hinge 258, and a hollow and flex-
ible second bulb 259 disposed on a distal edge of water
trough 257. A U-shaped metal insert 261 is encapsulat-
ed only within carrier 253 and no other metal structure
is located within the weatherstrip in this preferred em-
bodiment. Instead, the water trough section relies on the
adjacent shape of peripheral roof structure 201 for sup-
port when carrier 253 is pushed onto the single thick-
ness of peripheral flange 209 of the outer front roof pan-
el.

[0011] A front interior trim panel, preferably a cloth
covered and resinated foam headliner 301, is secured
to peripheral flange 211 of inner front roof panel 205 by
a polymeric clip 303, having an h cross-section shape.
An opening between a pair of bifurcated legs 305 re-
ceives peripheral flange 211 while a body 307 is secured
to a hidden, back side of headliner 301 by staples or an
adhesive. Polymeric Christmas-tree fasteners 309 at-
tach the front of front and rear headliners 301 and 351
to their respective front and rear roof inner panels 205
and 353 in a hidden manner when the convertible roof
is fully raised as shown in Figure 9. A metal, rear outer
roof panel 355 is welded to rear inner roof panel 353.
[0012] While various embodiments of the hard-top
convertible roof apparatus have been disclosed, it
should be appreciated that variations may be made to
the present invention. For example, the presently dis-
closed weatherstrip can be used in other areas of the
vehicle. Furthermore, the present roof structure, weath-
erstrip and/or headliner attachment may be used at a
front header-to-one bow interface or at a five bow-to-
tonneau cover/decklid/tulip panel interface (for soft or
hard-tops). Also, the hard-top roofs can be covered with
vinyl, fabric or painted, or can include transparent glass
panels. Moreover, a second weatherstrip can replace
the headliner clip. It should also be appreciated that
three or more hard-top sections can be employed with
the present apparatus between each. The presently dis-
closed headliner component may further be replaced by
rigid, polymeric garnish molding components or lamp
components. While various materials and shapes have
been disclosed, it should be appreciated that various
other shapes and materials can be employed. It is in-
tended by the following claims to cover these and any
other departures from the disclosed embodiments
which fall within the true spirit of this invention.

Claims

1. An automotive convertible roof apparatus compris-



10.

1.

12,

5 EP 1 389 548 A2 6

ing a first retractable hard-top external roof panel
and an internal roof panel permanently joined to the
external roof panel at a joint, each of the roof panels
having a peripheral flange which diverge from each
other outboard of the joint.

The apparatus of Claim 1 further comprising a
weatherstrip mounted to one of the flanges and a
trim fastener coupled to the other of the flanges.

The apparatus of Claim 2 wherein the weatherstrip
comprises a substantially U-shaped carrier and a
first bulb, the carrier being attached to the corre-
sponding peripheral flange.

The apparatus of Claim 3 wherein the weatherstrip
further comprises a second bulb coupled to the car-
rier.

The apparatus of Claim 4 wherein the weatherstrip
further comprises a bridging section connecting at
least one of the bulbs to the carrier, the bulbs being
spaced apart from each other and the area between
the bulbs acting as a water drain trough.

The apparatus of Claim 1 further comprising a
weatherstrip mounted on only one of the flanges,
the weatherstrip further comprising at least a pair of
spaced apart bulbs, the portion of the weatherstrip
between the bulbs acting as a water drain trough.

The apparatus of Claim 6 wherein the bulbs are
substantially hollow and flexible.

The apparatus of any one of the preceding claims
further comprising a headliner attached to at least
one of the flanges by an interior trim fastener.

The apparatus of Claim 8 wherein the headliner in-
cludes a pre-formed, resinated foam, substrate.

The apparatus of Claim 8 wherein the headliner in-
cludes a pre-formed, resinated fiberglass, sub-
strate.

The apparatus of Claim 1 further comprising a re-
tractable second, hard-top, external roof panel lo-
cated adjacent the first external roof panel when
both are in their raised positions, the external roof
panels being retractable to substantially vertical ori-
entations.

The apparatus of Claim 11 further comprising a
weatherstrip mounted to only one of the flanges, the
weatherstrip sealing between the first and second
external roof panels when the external roof panels
are in their closed positions.
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13.

14.

15.

16.

17.

18.

19.

20.

The apparatus of Claim 12 wherein the weatherstrip
extends in a substantially cross-car direction along
a rear portion of the one flange when viewed in its
raised position.

The apparatus of Claim 12 or Claim 13 wherein the
weatherstrip further comprises a living hinge locat-
ed in a bridging segment between flexible bulbs, the
bulbs being spaced apart from each other, and the
bridging segment being a unitary and homogene-
ous type of flexible material.

The apparatus of any one of the preceding claims
wherein the first external roof panel is located in a
substantially vertical orientation below a vehicular
beltline when in its stowed position.

A convertible roof weatherstrip comprising:

a substantially U-shaped carrier;

a flexible bulb projecting from the carrier;

a second flexible bulb; and

a bridge connecting the second bulb to the car-
rier and spacing apart the bulbs from each oth-
er.

The weatherstrip of Claim 16 further comprising a
reduced thickness, living hinge located in the
bridge.

The weatherstrip of Claim 16 further comprising a
metallic insert encapsulated only within the carrier
and the bridge being free of the metallic insert.

The weatherstrip of any one of claims 16 to 18
wherein the weatherstrip is adapted for use along a
cross-car section of a retractable, hard-top roof sec-
tion.

A method of assembling a convertible roof having
a retractable first roof section, a retractable second
roof section, and a weatherstrip, at least one of the
roof sections having an inner roof panel and an out-
er roof panel, the method comprising:

(a) welding together the inner and outer roof
panels at a joint;

(b) pushing a carrier of the weatherstrip onto a
single thickness flange of one of the roof pan-
els;

(c) flexing a drain trough of the weatherstrip
which bridges between at least two hollow
bulbs of the weatherstrip;

(d) compressing the hollow bulbs of the weath-
erstrip between the first and second roof sec-
tions; and

(e) allowing the first and second roof sections
to automatically retract.
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21. The method of Claim 20 further comprising spacing
a second peripheral flange of one of the roof panels
away from the single thickness flange outboard of
the panel joint and attaching a component to the
second flange. 5
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